A Gram-stain-negative, aerobic, non-motile, non-spore-forming bacterium, strain 0511ARD5E5 T , was isolated from an air sample collected in Ardales Cave (Malaga, Spain). Strain 0511ARD5E5
Instituto de Recursos Naturales y Agrobiologia, IRNAS-CSIC, Av. Reina Mercedes 10, 41012 Sevilla, Spain A Gram-stain-negative, aerobic, non-motile, non-spore-forming bacterium, strain 0511ARD5E5 T , was isolated from an air sample collected in Ardales Cave (Malaga, Spain). Strain 0511ARD5E5
T grew at 4-37 C and in the presence of 0-4 % (w/v) NaCl [optimally at 25 C and with 1 % (w/v) NaCl]. Cells were catalase-and oxidase-positive. The major respiratory quinone was ubiquinone-10. The predominant fatty acids were C 18:1 !7c and C 16:0 . The DNA G +C content was 63.2 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain 0511ARD5E5
T was a member of the genus Paracoccus and was related most closely to Paracoccus aminophilus DSM 8538 T and Paracoccus marinus CIP 108500 T (96.93 and 96.92 % similarity, respectively). Strain 0511ARD5E5 T exhibited DNA-DNA relatedness of 47 % to P. aminophilus DSM 8538 T and 31 % to P. marinus CIP 108500
T . Chemotaxonomic, phenotypic and phylogenetic analyses indicated that strain 0511ARD5E5 T represents a novel species of the genus Paracoccus, for which the name Paracoccus cavernae sp. nov. is proposed. The type strain is 0511ARD5E5 T (=LMG 27962 T =CECT 8482 T ).
The genus Paracoccus was first described by Davis et al. (1969) and the description was subsequently emended several times (Ludwig et al., 1993; Katayama et al., 1995; Liu et al., 2008) . The members of this genus are Gram-negative, non-spore-forming, non-motile cocci or short rods that are oxidase-and catalase-positive, and metabolically versatile. The major cellular fatty acid is C 18:1 !7c, ubiquinone-10 is the sole isoprenoid quinone and the DNA G+C content is between 64 and 70 mol%. At the time of writing, the genus Paracoccus comprises 42 species.
In this study, we describe strain 0511ARD5E5 T isolated from an air sample collected in Ardales Cave (Malaga, Spain). Phenotypic and genotypic studies showed that this strain represents a novel species within the genus Paracoccus.
Strain 0511ARD5E5
T was isolated using a tryptose soy agar medium (TSA; BD) with cycloheximide (Applichem) (50 µg ml -1 ). Morphological, physiological, biochemical and chemotaxonomic studies of strain 0511ARD5E5
T and the most closely related type strains (Paracoccus aminophilus DSM 8538
T and Paracoccus marinus CIP 108500 T ) were carried out in triplicate on Luria-Bertani (LB; BD) agar at 30 C.
The Gram-reaction was performed by conventional Gramstaining and was confirmed with the KOH lysis test (Halebian et al., 1981) . Cell morphology, dimensions and motility were examined by phase contrast microscopy. Furthermore, motility was also tested in LB broth containing 0.3 % agar (Tambalo et al., 2010) and the presence of flagella was examined by microscopy after staining with the reagent Flagella Stain Droppers (BD), according to the manufacturer's instructions. Spore production was checked with malachite green staining. Catalase activity was indicated by the production of bubbles after mixing cells from colonies grown on LB plates with a drop of 3 % (v/v) hydrogen peroxide on a glass slide. Oxidase activity was determined by monitoring the oxidation on BBL DrySlide Oxidase (BD) by smearing the cells onto the reaction area. Growth at different temperature (4-47 C) was examined on LB plates. Tolerance to NaCl was tested on nutrient agar (BD) supplemented with 0-10 % (w/ v) NaCl. The pH growth range was determined in LB broth and on LB agar adjusted to pH 5.0-12.0 (at intervals of 1.0 pH units) by using 1 M HCl and 1 M NaOH buffers. The pH values were verified after autoclaving. Anaerobic growth was determined in anaerobic chambers (GENbox anaer; bio-M erieux). Physiological characteristics were determined with API 20NE, API ZYM and API 50CH galleries (bioM erieux), following the manufacturer's instructions. Utilization of sodium nitrate (7.8 g l , pH 7.0) (Khan et al., 2008) .
Hydrolysis of Tweens 20, 40 and 80 was tested as described by L anyi (1987) . Antibiotic susceptibility was evaluated by the agar diffusion technique, using commercial antibiotic discs (BD). Cellular fatty acid profiles were analysed in triplicate after collecting biomass obtained from a culture grown for 3 days on LB agar at 30 C according to the standard methodology described by Jurado et al. (2009) . The G +C content of the genomic DNA was determined by HPLC by the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ, Braunschweig, Germany) as well as analysis of respiratory quinones. For phylogenetic analysis, genomic DNA was extracted according to Marmur (1961) with some modifications. Amplification of the 16S rRNA gene was performed following the method described by Laiz et al. (2009) . The identification of phylogenetic neighbours was determined using the global alignment algorithm on the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net; Kim et al., 2012) . The 16S rRNA gene sequences of strain 0511ARD5E5
T and its closest related strains were multiply aligned using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969 ) methods in MEGA version 5 (Tamura et al., 2011) . A bootstrap analysis of 1000 resamplings was used to evaluate the robustness of the trees. DNA-DNA hybridization was carried out according to Urdiain et al. (2008) .
Based on 16S rRNA gene sequence analysis, strain 0511ARD5E5
T was related to the genus Paracoccus. The phylogenetic tree (Fig. 1) shows the position of this strain, which formed a separate line of descent in the phylogenetic cluster of the genus Paracoccus. Strain 0511ARD5E5 T shared highest pairwise 16S rRNA gene sequence similarities with Paracoccus. aminophilus DSM 8538 T and the Paracoccus. marinus CIP 108500 T (96.93 and 96.92 %, respectively). These latter two strains were chosen for comparison of morphological, physiological, biochemical and chemotaxonomic characteristics. Strain 0511ARD5E5
T showed DNA-DNA relatedness of 47 % with P. aminophilus DSM 8538 T and 31 % with P. marinus CIP 108500 T , indicating that it is not related to them at the species level (Wayne et al., 1987) .
T shared characteristics with the reference strains P. aminophilus DSM 8538 T and P. marinus CIP 108500
T that were common to the genus Paracoccus. The three strains were aerobic, Gram-stain-negative, nonmotile, non-spore-forming, and catalase-and oxidase-positive. They contained ubiquinone-10 as the major respiratory quinone. However, there were many differences between the reference strains and strain 0511ARD5E5 T (Table 1) . Growth of the two reference strains occurred with between 0 and 3 % (w/v) NaCl, but strain 0511ARD5E5
T was able to grow with 4 % (w/v) NaCl. Strain 0511ARD5E5 T and P. aminophilus DSM 8538
T grew between 4 and 37 C. This range of temperature was different from that for P. marinus
CIP 108500
T , which grew between 10 and 30 C, but not at 8 or 37
C. The pH tolerance range of strain 0511ARD5E5
T was pH 5-10, while P. aminophilus DSM 8538 T and P. marinus CIP 108500 T did not grow at pH 5 or at pH 10, respectively. The three strains used Casamino acids and peptone but did not use sodium nitrate or ammonium sulfate as sole nitrogen source. In addition, strain 0511ARD5E5
T and P. aminophilus DSM 8538
T used sodium glutamate whereas P. marinus CIP 108500
T did not. There were also differences among strain 0511ARD5E5
T and the reference strains in enzymatic activities, assimilation assays and production of acids from a variety of substrates. Strain 0511ARD5E5 T could be clearly differentiated from the reference strains by its a-chymotrypsin activity, ability to assimilate potassium gluconate and production of acid from inositol. Strain 0511ARD5E5 T showed differences in susceptibility to 10 µg streptomycin and 30 µg nalidixic acid , and resistance to fosfomycin+glucose 6-phosphate. P. aminophilus DSM 8538 T and P. marinus CIP 108500
T presented the same antibiotic susceptibility profiles. The main fatty acid C 18:1 !7c detected in all strains is characteristic of the genus Paracoccus. However, differences in the proportion of some fatty acids, such as C 16:0 and C 19:0 cyclo !8c, were detected (Table S1 , available in the online Supplementary Material).
On the basis of these phenotypic and genotypic characteristics and the differences between strain 0511ARD5E5 T and its closest related species we conclude that this it represents a novel species within the genus Paracoccus. The name Paracoccus cavernae sp. nov. is proposed for this novel species.
Description of Paracoccus cavernae sp. nov.
Paracoccus cavernae (ca.ver'nae. L. gen. n. cavernae of a cave).
Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming, short rods, 0.7-1.1 µm wide and 0.9-1.2 µm long, occurring in pairs or in chains. Colonies are yellowish or cream, circular, convex, smooth, glossy and 1-3 mm in diameter after 4 days on LB agar at 30 C. Catalase-and oxidase-positive. Growth occurs between 4 and 37 C, with optimum growth at 25 C. Grows with 0-4 % (w/v) NaCl, with an optimum at 1 % (w/v) NaCl. Tolerates a range of pH between 5 and 10. Aesculin, gelatin, Tween 20 and Tween 40 are hydrolysed but Tween 80 is not. Nitrate is not reduced to nitrite. Indole is not produced from tryptophan and glucose fermentation does not occur. Assimilates glucose, arabinose and potassium gluconate, but not mannose, mannitol, N-acetyl-glucosamine, maltose, capric acid, adipic acid, malate, trisodium citrate or phenylacetic acid. Positive for urease, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin and a-chymotrypsin. Weakly positive for acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. Negative for trehalose, turanose, xylitol or L-xylose. Utilizes sodium glutamate, Casamino acids and peptone but not sodium nitrate or ammonium sulfate as nitrogen source. The predominant fatty acids are C 18:1 !7c and C 16:0 . Susceptible to amoxicillin/clavulanic acid, ampicillin, ciprofloxacin, gentamicin, norfloxacin, tobramycin, penicillin, rifampicin, amikacin, azithromycin, cefuroxime, erythromycin, fosfomycin+glucose 6-phosphate, kanamycin, novobiocin, oxytetracycline, tetracycline and vancomycin. Resistant to streptomycin, clindamycin, lincomycin and nalidixic acid. Ubiquinone-10 is the major respiratory quinone.
The type strain, 0511ARD5E5
T (=LMG 27962 T =CECT 8482 T ), was isolated from an air sample collected in Ardales Cave (Malaga, Spain). The DNA G+C content of the type strain is 63.2 mol %. 
